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Abstract. Meat spoilage is considered an ecological phenomenon generated by the changes 
that take place in the natural meat ecosystem, through the microflora evolution under the effect of 
physical, chemical and biological factors. The main pathogens involved in outbreaks of food borne 
illnesses caused by poultry consumption are: Salmonella, Campylobacter, Escherichia, and Listeria. 
The main purpose of this study was the assessment of organic acid in order to reduce contamination of 
poultry with pathogens.  
The research material was represented by 12 chicken breast samples, packed in plastic 
containers, purchased from a retail stores in Romania. After the sterilization of meat samples with UV 
radiation, they were contaminated with a microbial inoculums of 300x106 fcu/ml (0.5 MacFarland), 
followed by decontamination with organic acids solutions (lactic and acetic acid, 1%, 2% 3% 
concentrations). The bacteriological examination for each sample was performed after the 
identification treatment and counting of pathogens.  
The obtained results were analyzed using two way Anova test. It was established that both 
organic acids solutions caused a significant reduction of Salmonella enteritidis, Listeria 
monocytogenes, Escherichia coli and Campylobacter jejuni, ranging from 1.56 log to 4.45 log, 
compared with controls (p <0.05). It was also found that lactic and acetic acid solutions 3% 
determined a 100% decontamination effect on pathogens studied, which advocates for the 
recommendation of using this concentration of decontaminants in order to ensure sanitation of poultry 
meat. 
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INTRODUCTION 
 
In the last 20 years, a remarkable increase of poultry meat consumption and also of 
poultry meat production in farms was noticed. The poultry meat is considered an important 
food product for humans, due to its plastic and energetic role, and also because it’s nutritious 
qualities (Bolder, 1998). The poultry meat along with the meat provided by mammals has 
imposed itself with a great significance in human diet, due to remarkable nutritious qualities, 
a reason for which a special attention should be given to the veterinary hygiene rules, in order 
to obtain some carcasses with the lowest microbial load possible, according to the standards 
and current legislation. Due to its chemical composition, the meat is predisposed to bacterial 
contamination if the regulations and hygiene measures are not followed in the course of the 
slaughtering, representing an important source in food poisoning outbreaks. Also, it 
constitutes a proper environment to microbial development due to its chemical composition, 
the meat’ contamination being possible on the surface but also in the depth (Apostu and 
Stănescu 2010). In case the good manufacturing and hygiene practices (GHP, GMP) are 
followed on the course of processing, the spoiling as well as pathogen germs can develop, 
some of them having a major role in food poisoning outbreaks. The pathogens found in 
poultry meat in the prevalence order are:  Salmonella enteritidis, Campylobacter jejuni, 
Yersinia enterocolitica, Clostridium perfringens, Staphylococcus aureus, Listeria 
monocytogenes, and some species of Bacillus (Bolder, 1998; Davies, 2004; Davies, 2005). In 
order to insure meat’ sanitation (in general), and in the same time the optimal nutritional 
values, it is necessary to provide proper raising, processing and preserving conditions, 
necessary to reduce the biological hazards to acceptable levels or to eliminate them (Bărzoi 
and Apostu, 2002). In general, the consumers have a good opinion on the poultry meat 
products, even though there are some concerns regarding the raw meat poultry consumption/ 
or insufficiently heat treated, considering it a potential vector especially when concerning the 
transmission of Salmonella spp. and Campylobacter spp., determining in this way the food 
poisoning outbreaks. The microbiological quality of poultry meat can be substantially 
improved through the proper follow of the good hygiene rules (GHP) and processing practices 
(GMP) on the entire course of the food chain, and in the same time applying the risk and 
critical control points (HACCP), as well as some techniques for decontamination, using 
various methods, among which: solutions with organic acids of different concentrations, 
boiled water, steam, trisodium phosphate, ionic radiations (Rotaru et al., 2009; Bin Jasass,  
2008). Before adopting the new hygiene package (2006), the European legislation has not 
allowed the usage of some methods of carcass decontamination, other than drinkable water 
(Regulations 71/118/EEC, 97/79/EEC). At the moment, the article 3, paragraph (2) from the 
Regulation (EC) no 853/2004 of the Parliament and European Council, states specific hygiene 
rules for animal origin products, in which it is mentioned the legal base for the possible use of 
chemical substances for carcass decontamination, with the condition that these are approved 
in conformity with the procedure described in the regulation mentioned. Taking into 
consideration the prevalence of carcass contamination (including poultry) with pathogens, 
also at the EC parliament level a law project was submitted in order for the approval of some 
decontamination solution usage like: trisodium phosphate, chloride of sodium acid, peroxide 
acids, respectively chlorine dioxide. Following the analysis of the mentioned documentation, 
E.F.S.A. concluded that these methods could be used but only as complementary measures to 
reduce the degree of contamination, being needed also detailed studies, which can prove 
clearly that these methods have a real effect (not in the lab conditions) and do not produce 
side effects (of chemical substances deposits in carcasses) (E.F.S.A., 2005; E.F.S.A., 2008). 
For the moment, these decontamination methods are used in some commercial 
slaughterhouses in the U.S.A and Australia. Taking into consideration these facts, in the 
present study we aimed to evaluate the germ prevalence from the following genus: 
Salmonella, Campylobacter, Listeria and Escherichia after the application of decontaminating 
solutions (lactic acid and acetic acid in concentrations of 1%, 2%, respectively 3%). By the 
objective analysis of the obtained results, the final conclusions and recommendations will be 
elaborated in order to contribute to the improvement of poultry meat technology processes 
and at the obtaining of good hygiene quality products which could insure the consumer’s 
safety.  
 
MATERIALS AND METHODS 
 
The material subjected to the research consisted in 12 samples of deboned chicken chest 
cut, in small cubes, packed in plastic casseroles, bought from the retail market of a large 
poultry meat production unit from Romania. We mention that that the samples were acquired 
in the first day of their shelf life, established by the producer at 7 days. The samples collected 
were transported in cooling packs at a temperature of 4˚- 6ºC, in maximum 30 minutes arrived 
at Sanitary Veterinary Laboratory and Food Safety Alba, where they were subjected 
immediately to analysis. The sample contamination was made with the following standardized 
strains: Salmonella enteritidis ATCC 13076, Salmonella typhimurium ATCC 14028, 
Campylobacter jejuni ATCC 29428, Campylobacter coli ATCC 43478, Listeria 
monocytogenes ATCC 19114, Escherichia coli ATCC 25922 (Microbiologics, USA). In order 
to perform the sample contamination with the pathogens mentioned before, the freeze dried 
cultures were suspended in nutritive broth which was incubated at the temperature of 37ºC for 
24 h (Salmonella spp., E. coli), respectively  TSYEB broth incubated at 48 h for Listeria 
monocytogenes. After incubation, from the nutritive broth, seriated seeded by striation on 
selective media (XLD–Salmonella spp.; TBX–E. coli, ALOA–Listeria monocytogenes; 
Karmali–Campylobacter spp. media) were performed, which were afterwards incubated at 
37ºC, for 24 h. The characteristic colonies were subjected to the confirmation procedure: 
cultural and morphological. From the selective media, the specific colonies were seeded by 
striation on nutritive media, which was then incubated at 24 h at pe 37ºC, performing 
afterwards biochemical and serological confirmation tests, which stated the fact that the 
strains used were pure. In order to obtain the microbial suspensions with a known number of 
bacteria, the developed colonies on nutritive media were homogenized in 5 ml pure 
physiological serum, until the obtainment of a turbidity of 0.5 on MacFarland scale, checked 
with the densitometer apparatus (Biomerieux), which corresponds to a bacteria load of 300 x 
106 cfu/ml. In order to make sure that the gathered samples are not contaminated with 
pathogen microorganisms, we proceeded on the meat sterilizing process using UV radiations, 
for 30 minutes inside the microbiological cabinet. In order to evaluate the antimicrobial 
potential two acid solutions were used: lactic acid and acetic acid in concentrations of 1%, 
2%, 3% (Merck, Germany). The working protocol performed in order to establish the 
antimicrobial effect of some organic acids solutions has gathered the following steps:  
1. Sampling 
Each sample collected was divided into 8 lots, from which:   
 1 – negative control (not contaminated); 
 2-7 –decontaminated lots with lactic acid, respectively acetic acid in concentrations 
of 1%, 2% and 3%; 
 8 – positive control (not decontaminated). 
2. The contamination with pathogens  
Lots 2-8 (25 g meat were contaminated with 1 ml microbial suspension (0.5 
MacFarland), homogenized for 30 sec. in the Stomacher at 230 rot., being left 
afterwards in order for the bacteria to adhere to the nutritive substrate (muscle tissue) 30 
min. at 20ºC.  
3. The decontamination with organic acids 
Lots 2-7 were subjected to an operation of decontamination by introducing 25 ml of 
lactic acid solution, respectively acetic acid of 1%, 2% şi 3% concentration, after which 
they were homogenized in the Stomacher for 30 sec. at 230 rot., being left one minute at 
20ºC. 
4. The identification of pathogens’ prevalence  
For the germ identification from Salmonella, Listeria, Campylobacter genus, in the bags 
with the samples 1-8, 225 ml buffered peptone water (BPW) was introduced, semi 
Fraser broth and Bolton broth from which succesive dilutions were obtained: 10-2, 10-3, 
10-4, 10-5,10-6,  10-7.  For the identification of E. coli 90 ml of buffered peptone water 
(BPW) was introduced.  
The isolation of the pathogen microorganisms was performed on account of the 
standardize methods in accordance with the Reg. (EC) 1441/2007: the identification of 
Salmonella spp. (SR EN ISO 6579/2003 AC/2006), the identification of Echerichia coli (SR 
ISO 16649/2007), the identification of Campylobacter jejuni/coli (SR EN ISO 10272/2006), 
the identification of Listeria monocytogenes (SR EN ISO 11290-1/2000, SR EN ISO 11290-
1/A1 2005). 
The statistic analyses was performed in the operating system Windows XP, Origin 8.5 
program. For the obtaining of some results as conclusive as possible, the experiment 
regarding the evaluation of the decontamination potential of the organic acids was repeated 
three times, and the results were interpreted on the basis of individual media determination, 
expressed according to the standard deviation (n=3). The bacterial counts (cfu/g) are log 
transformed for a normal distribution of the results. The integrated statistic test in the program 
and used in the statistic calculus and interpretation of our results is the mono-factorial 
categorical analysis ANOVA. An α-value of 0.05 was used as the level of significance. 
 
RESULTS AND DISCUSSIONS 
 
After the obtained results there was revealed that in the case of the acetic acid solution 
the reduce of Salmonella enteritidis prevalence was relevant only for the 2% solution, from 
7.07 log cfu/g (positive control) at 5.50±0.09 log cfu/g, respectively 3%, at 4.81±0.18 log 
cfu/g. Thus, the lactic acid solutions 1%, 2%, 3% are more efficient than the acetic acid one 
1%, 2%, 3%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Decontaminant effect of acetic acid solutions (1%, 2%, 3%)  
to Salmonella enteritidis in poultry 
 
Similar results were obtained also in the case of lactic acid solution application. So, for 
the 2% solution, a reduction of Salmonella enteritidis at 4.99±0.13 log cfu/g was noticed and 
for the solution 3% a decrease at 4.52±0.09 log cfu/g was seen. Like in the case of the acetic 
acid solution, of 1% concentration it was not efficient (fig. 1). From the analysis of the data 
gathered, a decrease of Salmonella enteritidis was noticed, in between 1.95 and 2.63 log, after 
the use of lactic acid 2% and 3%. After the comparative analysis of the two decontamination 
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solutions efficiencies, regarding the inhibitory effect of Salmonella enteritidis development, a 
slightly increased efficiency was noticed in the acetic acid case. Through the statistical 
mathematical tests performed (ANOVA), total bacteria load from Salmonella genus in the 
control sample and that of the treated samples with organic acids of ale 1%, 2%, 3% 
concentration, the differences are statistically significant (p≤0.001). The results obtained by 
our study were similar to those found by Bautista et al., (1995), which studied the effect of the 
lactic acid sprayed over the turkey carcasses and noticed that the solution 1.25% and 4.25% 
lactic acid has determined the decrease in number of Salmonella spp. with values in between 
2.4 and 4.4 log cfu/g. Also, Ellebrach et al., (1999), combining the spread with hot water 
(73˚C) on the carcasses, with the application of the lactic acid solution 2.5% for the 
decontamination of meat fragments, has led to the reduction in number of Salmonella 
typhimurium. The results were confirmed by the data presented by Bell et al., (1984) and 
Kotula (1994), which noticed a similar reduction of the aerobe bacteria from the muscles’ 
surface after the treatment with acetic acid.  
Following the lactic acid application a reduction in the Listeria monocytoges prevalence 
was seen from 7.07 fcu log/g positive control at 4.30 fcu log/g in the case of 2% solution and 
4.01 cfu log/g in the case of 3% solution (fig. 2). After making an analysis on the acids’ 
efficiency used for the reduction of Listeria monocytoges number, a higher efficiency was 
noticed of the lactic acid.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Decontaminant effect of acetic acid solutions (1%, 2%, 3%)  
to Listeria monocytogenes in poultry 
 
From the comparative analysis of the efficiency of lactic acid and acetic acid in 
concentrations of 1%, 2%, 3% significant differences were noticed (p<0.05). In what concerns 
the organic acid solutions efficiency there were significant differences noticed only regarding 
the concentrations 2%, 3%. After the data assessment, there was a reduction of the initial load 
of Listeria monocytogenes seen, from 2.03 log after the application of acetic acid solution of  
2%, and 2.99 log in case of acetic acid 3% (fig. 2). The lactic acid solution 2% has determined 
a decrease in Listeria monocytogenes of 2.75 log and the lactic acid solution 3% has 
determined a reduction to 3.70 log. Similar results to our study were presented by Gonzalez-
Fandos and Dominguez (2006), which revealed a reduction in the number of Listeria 
Positive sample Lactic acid 1% Lactic acid 2% Lactic acid 3% Control
0
1
2
3
4
5
6
7
8
0
3.52
4.30
5.28
To
ta
l n
u
m
eb
er
 
o
f g
er
m
s 
(lo
g 
u
fc
/g
)
 Listeria monocytogenes 
7.07
monocytogenes at the poultry carcass level, with 1.74 log through the application of lactic 
acid solution 0·55 mol/l. Also, there were no sensorial alterations high lightened, except for 
the color. At the same time, Lecompte et al. (2009) has revealed a reduction in Listeria 
monocytogenes of 2.0 log after using the lactic acid 2% and a reduction of 4.59 log in case of  
the 10% solution. 
After the application of acetic acid solution on the poultry sample contaminated with an 
E. coli load of 3.0 x 107 cfu/g (7.47 log cfu/g), a reduction of E. coli number to 5.04±0.10 log
  
cfu/g was noticed in the case of acetic acid 1%, at 3.63±0.10 log
  
cfu/g in the case of lactic 
acid 2% and at 2.66±0.05 log
 
cfu/g for the acetic acid 3%. In case of lactic acid solution use 
there was an average reduction of the load of 3.66±0.07 log
 
cfu/g in the case of lactic acid 1%, 
at 3.03±0.15 log
 
cfu/g in the case of lactic acid  2%, and in the case of the solution 3% 
concentration which revealed the complete inactivation of E. coli (fig. 3). The obtained results 
in our study were different than those made by Stivarius et al. (2001), which applied an acetic 
acid treatment on the poultry meat before being subjected to processing and revealed a 
reduction of E. coli, with only 0.9 log fcu/g compared to the positive control. Similar results 
were reported by Woolthuis et al. (1985), which using the lactic acid 2% has revealed the 
reduction of  E. coli, with 0.66 log fcu/g.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Decontaminant effect of lactic acid solutions (1%, 2%, 3%)  
to Escherichia coli in poultry 
 
 These results were confirmed also by the data presented by Bell et al., (1984) and by 
Kotula (1994), which noticed a similar reduction of the aerobe bacteria on the muscle surface 
after the treatment with acetic acid. From the statistical analysis of the obtained results, both 
organic solutions used for the decontamination of the meat samples determined a significant 
reduction of E. coli prevalence (p<0.05). After the comparative analysis of both 
decontamination solutions’ efficiency, regarding the inhibitory effect of E. coli development, 
it was noticed that the lactic acid solutions 1-3% are more efficient than the acetic acid, 
aspects confirmed from a statistical approach (p<0.05). Following the data obtained, it was 
revealed a reduce in number of  E. coli of 3.86 log after the application of acetic acid solution 
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2%, and of 4.77log in case of acetic acid solution 3%. The lactic acid solution 2% has 
determined a reduce of E. Coli of 4.45 log, and the lactic acid solution 3% has determined a 
total inactivation of E. coli. Similar results with those obtained by us were revealed by Van 
der Marel et al., (1998), in the studies regarding the immersion of broiler in lactic acid 
solutions 1-2% (pH 2.2 at 19˚C), for 15 seconds, in different stages of the technological 
course, assessing the  Escherichia coli development decrease. It was immediately noticed 
after the treatment with the 1% solution that the germ load from the skin surface was reduced 
with 1.0 log g, and the pH-ul, with values between 3.2 and 4 log fcu/g. Following the lactic 
acid 2% application, the complete inhibition of the bacteria development was noticed, this 
being more efficient than the 1% solution. Also, Bautista et al., (1995), which studied the 
lactic acid affect, of chlorination (50 ppm) and of trisodium phosphate, sprayed on the turkey 
carcasses, have noticed that the 1.25% and 4.25% lactic acid solution has determined the 
reduce in number of germs gathered in between 2.4 and 4.4 log fcu/g. A more pronounced 
efficiency was high lightened in the reduction of Escherichia coli and of Salmonella spp. 
Similar results with those obtained in our study were revealed by Bosilevac et al. (2006), 
which noticed that the number of E. coli has decreased in an average with 1.6 log cfu/cm2 
after the application of the lactic acid solution 2%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Decontaminant effect of lactic acid solutions (1%, 2%, 3%)  
to Capmylobacter jejuni in poultry 
Following the application of organic acids at the level of chicken breast meat samples, 
it was revealed a reduction in the prevalence of Campylobacter jejuni and its inactivation by 
some of the concentrations of the organic acids used. So, after applying the acetic acid 1% it 
was noticed a reduction from 7.07 cfu log/g (positive control) at 4.83±0.32 cfu log/g, and in 
the case of 2% solution a reduction to 4.36±0.13 fcu log/g. After the use of the 3% 
concentrated solution it was noticed the complete inactivation of Campylobacter jejuni (fig. 
4). After the lactic acid 1% solution application, it was noticed a reduction of Campylobacter 
prevalence from 7.07 cfu log /g (positive control) to 3.74±0.25 cfu log/g, respectively for the   
2% solution at 2.86±0.12 cfu log/g. Like in the case of acetic acid use, the lactic acid solution 
3% has completely inactivated Campylobacter jejuni. As consequence, it was noticed a 
reduction of Campylobacter jejuni at 2.84 log after the application of acetic acid solution 2% 
Positive sample Lactic acid 1% Lactic acid 2% Lactic acid 3% Control
0
1
2
3
4
5
6
7
8
2.86
3.74
N
u
m
ar
 
to
ta
l d
e 
ge
rm
en
i (
lo
g 
u
fc
/g
)  Campylobacter jejuni
7.07
and the total inactivation in the case of acetic acid 3%. The lactic acid solution 2% has 
determined a reduction of Campylobacter jejuni at 4.24 log, and the solution of lactic acid 3% 
has determined a total inactivation of Campylobacter jejuni. Similar results were obtained by 
Riedel et al. (2009), which revealed a reduction in the number of Campylobacter jejuni to 
3.81 in the case of acetic acid solution 2.5%. The comparative analysis of the organic acid 
solutions’ efficiency has revealed better results in the case of lactic (1%, 2%, 3%) compared 
to acetic acid, aspects confirmed also by the statistic analysis (p<0.05). 
 
CONCLUSIONS 
 
 Following our study it was revealed that the pathogen germs sensitivity to 
decontaminating solutions’ actions was in the described order: Campylobacter jejuni, 
Escherichia coli, Listeria monocytogens and Salmonella enteritidis. The lactic acid solutions 
have proved a higher efficiency compared to acetic acid (p<0.05) and the organic acids 3% 
have determined a total inactivation of Escherichia and Campylobacter genus germs. The 
organic acids 1% solutions used, were not efficient for the reduction of Salmonella enteritidis 
prevalence. The use of these methods for carcass decontamination must be considered as 
complementary measures for the meat’s hygiene quality assurance in the raising and 
slaughtering units.   
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